Summary: We developed an eleetronic control unit for the determination of oxalate in urine by isotachophoresis with the LKB 2127 Tachophor. It permits a considerable reduction of the time required for analysis. Measurements were carried out in samples of untreated urine using different leading electrolytes and standardization procedures. Determination of oxalate can be thus achieved within 25 min, whereof the manpower expenditure is about 5 min. In the ränge of 1.0-0.1 mmol/1 urinary oxalate can be determined with a coefficient of Variation of 4-6%. The detection limit of the method is about 0.04 mmol/1. *
Introducrion
Oxalate metabolism is regarded äs a key factör in the pathophysiology of recurrent calciüm oxalate urolithiasis. The spectrum of techniques for measurement of urinary oxäkte (cplörimetry, gas chromatography, enzymatic tests) has recently been extended by isotachophoresis (l-*3). According to Tschöpe et al. (3) , oxalate can be determined (ürectly in the urine without any extensive pre-treatnient öf the samples. Accompanying anipns in the same urine sample can be measured toö. Höwever, isotachophoretic analyses have hitherto been too timerconsuming, espedally when, to imprpve the detection of an iom, a veiy low current is used. Reduction öf the analysis time is possible when the iso* taohophoretic tun is started with a relatively high current and the current is redüced during the run until the detect ion level is reached. If this is dpne manually the run must be supervised throughout the entire period. In the present paper we describe a unit that can bring about stepwise current reduction and, in addition, initiate recording of the chosen Signal. Further attempts were made to improve the method by using different leading electrplytes and methods of standardization, äs well pretreating the sample by cation exchange.
Materials and Methods
For isotachophoresis a 2127 Tachophor (LKB, Bromma, Sweden) was used which was equipped with a 230 mm teflon capillary tübe. All chemicals, if not otherwise stated, were of analytical grade or suprapure. The leading electrolytes were (I) 5 mmol/1 HC1 (suprapur; Merck, Darmstadt, FRG), l mmol/1 NaCl (Merck) and 0.3 g/l MethocelM 4000 cp (Fluka, Ulm, FRG), pH 2.3; (II) 10 mmol/1 HC1 titrated \vith /?-aknine to pH 3.85 and Methocel äs in I. The terminating electrplyte was 20 mmol/1 acetic acid. For cation exchange experiments Amberlite IRC-75 was used in the H + -form (Serva, Heidelberg, FRG).
Urine samples for measurement were prepared by adding 10 of a) l mol/1 HC1, b) äs in a) + 0.2 mmol/1 oxalic acid, c) äs in a) + 0.4 mmol/1 oxalic acid to every 100 pf urine.
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Description ofthe control unit
When isotachophoresis is performed with a constant current, the current is determined by a voltage divider, which is set by a switch. After presetting a high-voltage threshold, whose level depends on sample volume and leading electrolyte, and which must not be exceeded, the control logic initiates the isotachophoretic run with a current that is maximal in relation to this threshold. During the further run, each time the threshold is reached the current is reduced by 50 juA down to a pre-set detection current (see fig. 1 ). When the thermosignal appears, the recorder is switched on by the unit for recording the UVsignal. Thereafter, either the high voltage of the Tachophor is switched off, for example when only oxalate is to be measured, or the rest of the tachogram is recorded with a pre-set current. In both cases the recorder is switched off automatically after a pre-selected period of time. 
Results

Principles of oxalate measurement
By using the control unit described above the time for isotachophoretic analysis of urinary oxalate could be reduced by 50-70% compared with the mode of analysis using low constant cürrent thf Oüghout the whole run. In comparison with the procedure, in which reduction of the current to the detection level is pei> formed manually, the time required for supervising the process was decreased by about 80%. Isotachograms obtained with and without the unit are identical, i.e. the detection procedure itself is not influenced. To attain further improvement in the determination of oxalate, especially a higher efficiency, measurements were carried out in pooled human urine with two leading electrolytes (I and II). From these measurements, unknown cöncentrations of urinary oxalate were determined by two different methods of standardization (see fig. 2 ). The Zone lengths corresponding to oxalate in the acidified urine were referred to A) that obtained from an aqueous Standard solution (l mmol/1 oxalic acid and 5 mmol/1 HC1), B) those obtained from samples of the same urine taining additional oxalate (= Standard addition procedure). 
Criteria of oxalate measurement
The results of measurements in pooled human Urine and samples with two representative additions of external oxalate are sümmärized in table l. All results refer tö the same urine. As rnay be seen fröm the table, wheii using, the leading electrolyte I (pH 2.3), evaluation ofthe data cotxesponding to A) and B) gives results which do not differ considdrably one from änother. The välües obtained by method A) exhibit higher reproducibifity than those 
Recovery of added oxalate (%)
Oxalate concentration in pooled urine mmol/1 öbtained by method B). The detectiön limit (= blank value + 4 SD) is about 0.04 mmol/1 with an injectipn Volume of 8 .
The data frorn the System with leading electrolyte II dempnstrate that the calibration corresppnding to A) leads to crude systematic errors. Reaspnable results could önly be öbtained by usjng the Standard addition pröcedure (see above). In addition, the mean values of tirinafy oxalate resulting from this principle of measurement were significantly löwer than those when leading electrplyte I was äpplied.
Another improvement of oxalate measurement by isotachophoresis was attempted by pre-treatment of urine samples with the H"Moaded catipn exchanger Amberlite IRCV75; 0.25 nd resin (capacity äboüt l mmol) was mbced with l nü pooled urine in order to completely remove rrietäl ions from the solution. This shoüld prevent interference by cpmplex formation between Ca 2+ or -Mg~+ and oxalate during the analysis. No significant effect on the isotachogram cpuld be Pbserved after such pre-treatment of samples (data not shown).
Discussion
Until now, the isotachophoretic determination of oxalate in urine has not been very common, although this technique permits measurement without pretreatment of the samples (3). One of the underlying reasöns is the long time required for one determination. Using the control unit described above considerable time of the analyses or supervision of the process can be saved.
As shown in table l, further reduction of analysis time can be achieved by applying a leading electrolyte of higher pH. However, the recovery of added oxalate in this System is so unsatisfactory that the Standard addition procedure outlined in the section on methods shöuld be practiced in order to obtain accurate oxalate concentrations in urine. This disadvantage, however, abolishes the advantageous time saving effect mentioned above.
Reliable results were öbtained by employing the leading electrolyte I. This can be seen from the percentage recpvery of added oxalate, the reasonable agreement öf the data resulting from two different calibration procedures, and the Variation coefficients between 4 and 6% in the concentration ränge of interest (tab. 1). In a preliminary commünication (4) we found daily excretipn of oxalate in urine of normals to be in the ränge of 0.15-0.55 mmol (= 13.5-49.5 mg) per 24 h. Taking all data together the method may be recommended for the measurement of oxalate in studying oxalate physiology and pathophysiology. 
